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IMPROVED MINERAL FILLED RUBBER COMPOSITES 



wheS^T^ZfS h t! IfS mbbSr USed ln 8tectrical *P**bn. as insulating materials. 
teS ^arTas ^ * *** *• rubber with a blend of at 

Rubber is widely used as an electrical insulating material, and filled rubber has also been used for 

reirl^ril 0 ?5* ^ US8d 10 reinf ° rCe ° r fl " rubber ' C* 00 ' 1 b,ack "" ers are widely used as 

reinforcing agents and greatly .mprove the strength of the rubber composites in which thev are^oT- 

» T carbon b,ack - Typic * ,y the 

liners wh ch require some form of treatment to act as reinforcement in the composites in which thev are 

rSKTl,^!? ° r reinf0rced rubber is used 0^ rubber?^ of reduced <S 

and improved electrical and physical properties over unfilled rubber 

reinfoSmSr^LT^ a T^* to imprOVB physicai P"*™ance of mineral tilted or 
reinforced rubber matenais. Some of the improvements imparted by the use of silanes to the filled rubber 

2 ,mpraved ^city. and resistance to weathering. Th? usTJ ^ ,25 

™ » °^ . rUbb8r iS ana, ° 90us 10 *• ose of silan «*%s coupling Te^ i ^32 

composrtes. such as laminates. However, because of the elasticity of mineral tilted mbber such ZZZ 1Z 

coined ' " " ^ C ° mP0Sit8S to 1,16 0 P« mal «**• of silane couptg^st 

20 . . ^ inStan „ ce - U " S - Patent No - 2,742,378 issued to Grotenhuis teaches filler materials treated with 
pZ Srf 7 S S imPart inCreaS8d ,,9XUra) stren 9* to PO'^ "W vrith saTd SedllteJ US 

imorld fletS'S TV diSC,0S8S 9 ' aSS nberS treated with tneth^xyvSyTsiSelmpS 

Z Zf l*™*. 5 *™^ 300 res, stance to hydrolytic degradation of flexural strength when incorpoS 
mto polyester res.n laminates. U.S. Patent No. 3.013.9 15 issued to Morgan teaches vinylslan* S 

tn r^p °l SilaneS J n fi ' led e ' eCtriCal inS0,atins materiaIs is disc '°**i ^ U.S Patent No 3 533 348 issued 
IS* T?*** diSCl0SeS 30 electrical composition for coating w^' and S 

as Sdrdy^ ra^Sf i^" ^ R den ° teS 30 ^'oxyalky. radical and X represent a 

9ives im P rovad *"» - ^ngth to glss fiber 

bv ir^SJi" "f J I? 4,144,202 t9aChes ^ water ^"9 in a *y'ene polymers can be inhibited 
S^lft^ «1L?T? Si,an8S 10 ^ unf " ,ed ^mers S.^enfT 

etecmlllTl^ !" re,nf ° rced mbb9r iS ° ften ^ with a si,ane C0U P« n 9 agent to improve the 
SI ? Pr ° Pert,eS ° f 8,8 material - General| y- si,ane treated filled produce high « 

4s ST 5 0W8Ver ' * h3S teen found *« the 9,9Ctrical bating properties of tinforcS 
wtattLS UP °" eX r Ure t0 ^ ° r m ° iStUre - A mineral rcinfo -ed ' bbe? which showed nc"S 

SESrSLSSJ**" 1 r ? forced rubber wou,d be useful in e,ectricai insu,ati o n applications 

subject the electncal components to adverse weather and moisture conditions 

a mM.r'dlLil? ne * fi " er k : einf0rced mbber com P° site which comprises a rubber matrix material. 

, r^e E^^t-^sr* has been *° ated witf1 a b,end of at ,east - — ^ 

RnSiX^ 

I™L R 2 ^ ° r 3,1/1 radical which 03,1 react chemically with the rubber matrix material X 

denotes a hydrolyzab.e radical such as alkoxy. acyloxy. halo, hydroxy.or alkoxyalkoxy. and nTs T??t2 
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material 
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the second silane (b) is of the general formula 

where R' denotes an aromatic radical such as phenyl, benzyl, napthyl, or the like. Y denotes a hydrolyzable 
radical such as alkoxy. acyloxy, halo, hydroxy, or alkoxyalkoxy. and m equals 1 or 2 
5 The mineral filler reinforced rubber composites of the invention can be' used to coat wires and to 
encapsulate electronic components. 

The invention is a reinforced rubber which comprises a vulcanized, or vulcanizeable. rubber matrix 
materia . mineral filler dispersed in the rubber matrix material, and a mixture of at least two silanes where 
the first srtane (a) contains at least one alkenyl radical, and the second silane (b) contains at least one 

Ltl-H 5° ma f + °! 1araCter SU ° h 88 8 Ph6nyl radical - 1,18 invention also relates to ™i™al treated 
with said mixture of at least two silanes. 

-J? 8 Vulca f ed " vul «nizeable rubber matrix material encompassed within the invention includes 
J^ a "7. m etn y |ene -P ro Py |en ° terpolymer rubber (EPDM), cross-linked polyethylene 

rubber, and sihcone rubber. These types of rubber are commercially available, and can be vulcanized by a 
variety of methods well known in the prior art. The silanes of the invention interact with the rubber matrix 

£^"1°? ^ vulcanization of tne mbber m atn>c. Preferably, the rubber matrix material 

is cured subsequent to the incorporation of the mineral filler and silane blend with the rubber matrix 

Mi3i0n3l« 

H, vJH 9 TTf .J"" 1 ? en ? mpassed ^ *9 invention include, but are not limited to. calcined clay, titanium 

2T?i h , ' Mrated S ° diUm Si " Cate ' ma9neSium ov* 0 "**' kao,in - alumi ""m hydroxide - 
£St nf I Tf &> precipitated ca,cium carbon *e, alumina silicate, hydrous alumina silicate, 

and other nonblack fillers. Preferably, commercially available fillers are used which are compatible with the 

Int ofThTn iT i ^ ^ PartiC ' e Si2S and best suited for ac «"9 ^ reinforce- 

ment ot trie rubber matrix material. 

25 mnilL 3 " 3 ," 6 b ' e " daused in the inven «on ™ mixtures of at least two silanes; an alkenyl radical 
containing silane (a) and an aromatic radical containing silane (b). 

The alkenyl containing silanes (a) encompassed by the invention are of the general formula 

,„ 32J VT^I^H! ° r a " yl radiCal WhiCh can Really ^act with the matrix material and remain 
30 chemically bonded to the silicon atom. X denotes a hydrolyzable radical, and n is 1 or 2. The R radical 
chosen will depend upon the character of the rubber matrix material being employed. For instance, in the 
aSLhLT 8thy,ene - pr °Py; er, e ^ber. EPR, vinyl is preferred due to its high reactivity and commercial 
availability X includes, but is not necessarily limited to. alkoxy radicals containing I to 5 carbon atoms 

35 atorlT 2 t0 5 Carb °" at ° mS ' hal0 ' ° r alkox y a,kox y radicals wni <* contain 2 to 10 carbon 

M. ^ C i a,k !h y,Si ! an ^ f h ' n * e ' imitS ° f inVenti0n are trimethoxyvinylsilane. triacetoxyvinylsilane. 
tr.s-(2-methoxyethoxy)v,nylsilane. allyltrimethoxysilane. trichlorovinylsilane. tripropoxyvinylsilane tributox 
yv.nyls.lane. tnbutyryloxyvinylsilane. alkyltriiosvaleryloxysilane. or tris(2-ethoxypropoxy)Wniilane 
The aromatic-radical containing silane (b) is of the general formula 
40 R'Y m SiY4. m 

p^ZZ^l^ZT^T^,- For examp,e> R ' could 69 a ph9nyl - to,y '' napth y'- or lika radi ^- 

hTT k, 'l? h ° s 80 that 109 s,lane * commercially available and usually will be phenyl. Y denotes a 

Se yZa m fs il'rl l S ^ a ' keny,Si,ane ' Y den0teS a,k0xy ' ^oxyaLxy hat or 

IhanL t h? L ?? erably * m ,S 1t SpeCifiC Si ' anes include Pnenyltrimethoxysilane. dimethoxydiphenyl- 

I, tnCh 0r0p "enylsNane. tributoxyphenylsilane. triisopentoxybenzylsilane. phenyltripropionyloxysilane. 
napthyltrivaleryloxysilane.andtris(2-methoxyethoxy)phenylsilane. 

^nln 9 ° f (b) 10 (3) "? d6P8nd Up ° n the nature of the rubber matri ^ the effectiveness of the alkenyl 

Pr e S tT 3S 3 t °° UP ? 9 f 96nt ' and 1,16 3 m0unt of si,ane b,end bein 9 used to treat the mineral filler. 
Preferably, the a romatic radical containing silane should comprise between 25 to 85 weight percent of the 

sl^ebtnTby w2g P hr rab ' y ' **** - " an * 3t ,eaSt 60 

material. S " ane ' 8V9lS fr ° m 02 t0 3 wei9nt percent of 406 min8ral m * r 

55 30 J„ h H%nn P0I ! 0n K 0f C ° mponents ° f the invention can var y- The mineral ™* should comprise between 
hLh , P ? y We ' 9ht Pef 100 P3rts by weight of the rubbe r matrix material. The amount of silane 
blend employed varies according to the weight of mineral filler used in the particular embodiment, but 
typically compnses less than 1 weight percent of the reinforced rubber composite. 
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The mineral reinforced rubber composites of the invention can be made by a variety of methods. The 
filler can be treated with the silane blend before being incorporated into the rubber matrix material, or the 
silane blend can be added to a mixture of the uncured rubber matrix material and mineral filler so the filler 
is treated in situ. The mineral filter can be treated with the silane blends several ways. For instance the 

5 silane blend can be mixed direcoy with the filler, or, alternately, the silane blend can be mixed with organic 
solvent or water to form a slurry which can be added mixed with filler. 

The improved electrical properties of the invention are believed to be attributable to the ability of the 
aromatic radical containing silane to bear electrical loads. Both the alkenylsilane and aromatic radical 
containing silane interact with the surface of the mineral filler, so a relatively high concentration of both 

to silanes exists in the interfacial region between the filler and matrix of the reinforced rubber The electrical 
load bearing capacity of the aromatic radical containing silanes of the invention in conjunction with the 
coupling agent activity of the alkenylsilane improves the electrical properties of the reinforced rubber at the 
interfacial portion between the mineral filler and rubber matrix material of the reinforced rubber The exact 
reason for the improved electrical properties is not understood, and this explanation is not intended to limit 

75 the scope of the invention which is defined in the claims. 

The following example illustrates the invention, but does not fully delineate the full scope of the 
invention. An example outside the scope of the invention is included for comparison. 
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Calcined clay was treated with a blend of silanes comprised of 60 wt. % phenyltrimethoxysilane and 40 
wt. % tnacetoxyvinylsilane. The silane blend was added neat to the calcined clay at 1 wt % the mixture 
was mixed to disperse the silane throughout the clay, and the mixture was dried. The treated clay was 
compounded with an ethylene-propylene rubber to form a mixture comprised of 100 parts of an ethylene- 
propylene rubber gum (Vistalon 404 EPR sold by Huber Corp., Macon. Georgia). 75 parts of the treated 
clay. 5 parts of zinc oxide. 0.5 part of the antioxidant Agerite Resin D (R.T. Vanderbilt Co. Inc NY NY) 
and 10 parts of dicumyl peroxide (Di Cup 40C. The Hercules Powder Co., Inc.. Wilmington. Delaware) The 
mixture was compounded into two slabs (slab A and slab A'). Slab A was vulcanized at 330 °C for 25 
minutes, and slab A' was cured at 330°C for 50 minutes. 

Slabs B and B' were made in the same manner except the silane blend was replaced with an equivalent 
weight of tnacetoxyvinylsilane. Slab B was cured at 330°C for 25 minutes, slab B' for 50 minutes Slabs C 
and C were made using the same methods except the silane blend comprised 70 wt % phenyltrimethox- 
ysilane, and 30 wt % tnacetoxyvinylsilane. yuH.ieuiox 

ac -r^ S !? S ? re cnaracteri2ed witn ^Pa* to their physical and electrical properties using standard 
ASTM test methods. Particularly, the hardness. 100% moduli. 200% moduli, 300% moduli, tensile strength 
and elongation of each slab were measured. These results are summarized in the following table. 

PHYSICAL PROPERTIES OF CLAY REINFORCED RUBBER SLABS 







A/A' 


B/B' 


C/C 




100% Modulas, psi 


280/280 


230/240 


290/270 




200% Modulas, psi 


590/560 


570/570 


570/500 


45 


300% Modulas, psi 


740/760 


810/860 


710/760 




tensile strength, 










psi 


810/810 


870/850 


800/770 


SO 


elongation, % 


310/350 


340/330 


380/400 




hardness (Shore A) 


58/58 


58/59 


58/58 



The physical properties of slabs A A', C. and C are similar to the physical properties of slabs B and B' 
which reflect the state of the art in treating clay used in reinforced rubber 

t!f C i Pr ?? rtieS ° f S,abS A '' B '' ™ 6 °'' which were for 50 min "tos. are reported in the 
following table. The dielectric constant and dissipation factor were determined using the methods described 
in A&TM D 150. The volume resistivity was determined using the method of ASTM D 257. 
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ELECTRICAL PROPERTIES OF 
TREATED CLAY REINFORCED RUBBER ST.AKS 



5 




A' 


B' 


C 


uieiectric Constant. 










iu z nz 




2.6 


2.6 


2.6 












,o 10 * 5 Hz 




2.5 


2.5 


2.5 


Dissipation Fact. 










10*2 Hz 


4. 


2xl0~ 3 


3.7xl0" 3 


4.0xl0~ 3 


Dissipation Fact. 
10*5 Hz 










2. 


6xl0~ 3 


3.0xl0~ 3 


3.6xl0~ 3 


Volume 




lxlO 15 






Resistivity (ohm/cm. ) 


3. 


1.7xl0 15 


1.4xl0 15 



The values in the table represent the measured value of each slab under drv conditions The «i a h* 

20 Ilir Ca ' Clned 2". ^ With th9 Si,ane b,end Show ^^5^2fSJ2i15 
three slabs were .mmersed in water for 1 day and their electrical properties were TemS med 

ELECTRICAL PROPERTIES AFTER 1 DAY H 2 0 IMMERSION 

A' B» r< 
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Dielectric Constant, 
10*2 Hz 

Dielectric Constant. 
10*5 Hz 

Dissipation Fact. 
10*2 Hz 

Dissipation Fact. 
10*5 Hz 

Volume 
Resistivity 



2.7 
2.6 
20x10 
4.9x10 
1.0x10 



-3 

3 
15 



2.6 
2.5 

13x10 



,-3 



5.6x10 



0.46x10 



-3 



15 



2.6 
2.5 

7.7x10 
4.8x10 
3.2x10 



-3 



-3 



15 



40 



the cXSvH^Sel^T ° f inVent '° n diSP ' ayed ,6SS de9radati0n of vo,u ™ ^istlvity than 
were ZeSured " " ^ ' mm9rSed for six more davs — the electrica. properties 
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ELECTRICAL PROPERTIES AFTER 7 DAY H 2 0 IMMERSION 



70 



15 



Dielectric Constant. 
10*2 Hz 

Dielectric Constant, 
10*5 Hz 

Dissipation Fact* 
10*2 Hz 

Dissipation Fact* 
10*5 Hz 

Volume 
Resistivity 



A' 


B' 


C 


2.7 


3.1 


2.7 


2.6 


2.5 


2.6 


25xl0~ 3 


132xl0" 3 


59xl0" 3 


7.2xl0~ 3 


5.6xl0~ 3 


17xl0" 3 


l.lxXO 15 


0.13xl0 15 


0.65x10' 



15 
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The standard rubber composite. B r , showed marked degradation of its volume resistivitv fmm th» 
measurements. An overail toss of greater than 90 percent was observed in B whlJ *e silS 
encompassed in the invention. A' and C. showed volume resistivity losTes of S s th'aT 70 Srcent S 



Claims 
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1. A reinforced rubber composite which comprises; 

(I) a rubber matrix material; 

(II) a mineral filler incorporated in the rubber matrix material- and 
RnSixT* 0 bl9nd ° f ^ 18351 ^ SiIaneS> ** Snane (3) h ° f *• 9eneraf formula 

*» b?i ^r*" ,ubber compos " e 01 **" 4 ™ ,wre,n w e ° , * rt - * ^ 60 ««#* ■«« « »• 
^Yrranir^rsrrir"" *° mawx — * - -~ 

8. Treated mineral filler which comprises; 
(I) mineral filler; and 

RnSiX^ 0 3 btePd ° f ^ ^ Snane3, ^ *• firSt Sl,ane (a) [s of *• Q^era! formula 



50 
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S^ffJfA* "** Y d6n0teS a " *"* ■*»» ^ ^droxy or 
rnJLt mett, ° d f ° r maki " 9 min8raI fi " er reinforc ^ ™w>er with improved electrical properties which 

RnSiX^ 



70 M mblY^ 



10. A mineral filler treating composition consisting essentially of- 
a silane (a) of the general formula 
rs R n SiX^ 



a silane (a) of the general formula 
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CA. 43, 2036a. 
IT 18414-36-3, Silane, dibenzyldichloro- 

(siloxanes from) 
RN 18414-36-3 CAPLUS 

CN Silane, dichlorobis (phenylmethyl) - (9CI) (CA INDEX NAME) 



CI 

I 

Ph- CH2~ Si- CH 2 ~ Ph 
CI 



L6 ANSWER 16 OF 16 CAPLUS COPYRIGHT 2 004 ACS on STN 
TI Organosiloxanes 

PATENT NO. RIND DATE APPLICATION NO. DATE 



PI GB 611700 194 81102 GB 

AB 



Siloxane polymers are prepared by cohydrolyzing a mixture of at 

iv ^ S1 u an ! S containin 9 2 univalent hydrocarbon radicals (aryl, alkyl or 
rinkaoi ^ ^ Same ' ""ached to each Si atom througn C-Si 

^ hS ^ mai ^ n9 Valences of the Si being hydrolyzable radicals 
attached by other than C-Si linkages (CI, OR). To a mixture of 224 a nf 
(C6H5CH2)MeSi(OEt)2 and 296 g. of Me2 S i(OEt)2! 1325 cc of 95% EtOH containing 
a few drops of concentrated HC1 was added slowly with warming to effect 
hydrolysis and mtercondensation . H20 25 cc . was added and the solvent 
ITZtL 7 eva ?° ra t ion A very viscous oil was obtained which formed a waxy 

Sf^ 6 u P° n heating at 190° for 48 hrs . Other compds . used are 
Ph2SiC12, PhEtSiCl2, (PhCH2)2SiCl2, and PhMeSi(OEt)2 
IT 18414-36-3, Silane, dibenzyldichloro- 

(siloxanes from) 
RN 18414-36-3 CAPLUS 

CN Silane, dichlorobis (phenylmethyl) - (9CI) (CA INDEX NAME) 



CI 
I 

Ph- CH 2 - Si- CH 2 ~ Ph 
CI 



